µM, in the presence of 200 µM of each dNTP, 2 mM MgCl 2 , 2 units Taq polymerase (Oncor Appligene), 1µl BLOTTO (10% skimmed milk powder and 0.2% NaN 3 in water) and the buffer provided by the supplier of the enzyme. BLOTTO attenuates PCR inhibition caused by plant compounds (De Boer & al., 1995, unpubl.) . Amplification started with 3 min denaturation at 94°C, followed by 35 cycles of 15 s at 94°C, 30 s at 50°C, and 1 min at 72°C. Concluding with a final extension step of 7 min at 72°C., 5 µl of amplification products were visualized on a 6% polyacrylamide gel. Successful amplifications were cleaned with the QIAquick purification kit (Qiagen). The amplification primers were used in the sequencing reactions with the Big Dye sequencing kit and separated on an ABI-Prism 3700 sequencing machine using standard protocols.
Sequences were aligned using CLUSTALX (Thompson & al., 1997) with the gap open penalty set to 10 and the gap extension penalty set to 1. BioEdit (Hall, 1999) was used for minor manual adjustments of the alignment. Sequences with high frequency of indels difficult to align were excluded from the analysis [e.g., Barbula indica (Hook.) Spreng., Ephemerum sessile (Bruch) Müll. Hal., Splachnobryum obtusum (Brid.) Müll. Hal.] . The aligned matrix is available on request from the first author. Gaps outside hypervariable regions were coded as present (1) or absent (0). Pairwise distances between sequences were calculated by MEGA 2 (Kumar & al., 2001) .
Bayesian analysis was carried out using MrBayes 3.0 (Huelsenbeck & Ronquist, 2001) , with 500,000 generations run, sampling every 100 th generation and using the following settings for the sequence data: Nst=6, rates=invgamma (a proportion of the sites are invariable while the rate for the remaining sites corresponds to the general model of DNA substitution with gamma distributed rate variation across sites). Recoded gaps were treated as standard data. Based on empirical evaluation, burn in was set at 100,000 generations. A 50% majority rule tree was constructed using the "sumt" command of MrBayes. The tree was edited using TreeView version 1.6.6 (Page, 1996) . Clade credibility values (cv) below 0.75 were treated as "poor" support, between 0.75 and 0.95 as "moderate" and above 0.95 as "good".
RESULTS
The combined length of the 18S ITS1 -5.8S rRNA -ITS2 region was 662 [Trichostomum unguiculatum (Mitt.) Bayesian analysis (Fig. 1) resolved members of Trichostomoideae (Werner & al., 2004a) 
DISCUSSION
Sequences of nrITS are widely used to resolve phylogenetic relationships of species at taxonomical levels below the rank of family. Analysis of the ITS region was favored by the development of universal primers (White & al., 1990) . In bryophytes, early molecular phylogenetic studies were aimed at resolving relationships at higher taxonomic ranks. In recent years, ITS sequences are increasingly being used to study affinities of closely related species and biogeographical issues. Depending on the taxon examined, ITS sequences may vary considerably and their alignment may be difficult. In Pyrrhobryum mnioides (Hook.) Manuel, ITS sequences of New World and Old World populations cannot be reliably aligned (Shaw & al., 2002) , but in Amblystegiaceae, Brachytheciaceae and Leskeaceae, sequences can be aligned throughout the family (Vanderpoorten & al., 2001; 2002a, b) . In Pottiaceae we have usually been able to successfully align major parts of sequences of species from different subfamilies.
The nrITS region is organized in repeated units. Concerted evolution may result in homogenization of the repeats, resulting in the presence of many copies of a single ITS haplotype in the genome (Baldwin, 1992; Baldwin & al., 1995) . Nevertheless, multiple ITS haplotypes may sometimes occur in single individuals resulting in sequence chromatograms that are unreadable. In our studies on Pottiaceae, alignment problems due to multiple ITS haplotypes have not arisen; where difficulties occurred, these were due to assumed length variations of ITS sequences. Some genera treated in Trichostomoideae by Werner & al. (2004a) were excluded from the present analysis due to the high frequency of indels, which did not allow reliable alignment of major parts of the ITS sequences. Additional analysis using other markers is needed to assess the taxonomic status of these taxa.
Using rps4, Werner & al. (2004a) tentatively included Anoectangium, Gymnostomiella, Gymnostomum, Hymenostylium, Hyophila, and Leptobarbula in Trichostomoideae. The results of the present study do not contradict this taxonomy. In the ITS tree these genera occupy a basal position in Trichostomoideae together with Tuerckheimia Broth. (and with exclusion of Gymnostomiella, which is omitted because the ITS region in this genus could not be sequenced). The topology indicates that these genera may be included in Trichostomoideae or may be considered to belong to a separate subfamily. A deeper molecular study is necessary to clarify their phylogenetic position. The ITS tree also suggests that Tuerckheimia svihlae, T. valeriana, and Hymenostylium hildebrandtii are closely related. Although the morphological affinities of these two genera have often been Werner & al (Zander, 1993) , more data are obviously needed to resolve their relationships. According to the ITS sequences, the core of the subfamily Trichostomoideae is formed by the genera Eucladium Bruch & Schimp., Tortella, Pleurochaete, Pseudosymblepharis, Chionoloma Dixon, Trichostomum, Weissia, and Aschisma. Eucladium. -The inclusion of Eucladium verticillatum within Pottiaceae is controversial. In the present analysis Eucladium is resolved in Trichostomoideae in a basal position, near Tuerckheimia. This position agrees with the morphological similarities shared by the two genera (Zander, 1993) , including the narrowly lanceolate leaf shape, broad costa, and large laminal cells ornamented by rather large, simple papillae.
Tortella and related taxa. -Most of the Tortella species of this study form a monophyletic clade when Pleurochaete squarrosa is included. This topology may be due to the segregation of Pleurochaete from Tortella by the differentiated thin-walled marginal cells in the former, extending from the insertion sometimes to above midleaf but not forming a coherent basal V extending medially to the costa (Zander, 1993) .
A clade with solid support (1.0 cv) is formed by Trichostomum caespitosum, T. sweetii, and Weissia triumphans. The three species stand out morphologically by the monoicous condition (autoicous or paroicous), sheathed perichaetial leaves, and a well developed annulus formed by 2-3 rows of inflated cells, characters that could be assumed as synapomorphies. The taxa are clearly separated from other species of Trichostomum and Weissia and may represent a separate genus. Blockeel & Smith (1998) placed T. caespitosum in the new genus Pottiopsis based mainly on the sheathed perichaetial leaves. Our study supports this taxonomy and indicates that T. sweetii and Weissia triumphans should also be referred to Pottiopsis. Tortella fruchartii (Müll. Hal.) R. H. Zander and T. inflexa (Bruch) Broth. are most closely related to the Pottiopsis clade and are morphologically distant to most of the other species of Tortella. Their phylogenetic relationships need further study, however.
The accessions of Chionoloma bombayensis (with one exception, see below), Pseudosymblepharis schimperiana, and Trichostomum tenuirostris, based on seven specimens from various parts of the world, form a clade with solid support (1.0 cv). Segregation of the latter species in the genus Oxystegus (Limpr.) Hilp., usually considered to be controversial, is supported by the molecular data. The close relationship of T. tenuirostris, Pseudosymblepharis, and Chionoloma is confirmed by morphology (Sollman 1996 (Sollman , 2000 (Sollman , 2001 and suggests the need of uniting Oxystegus, Pseudosymblepharis, and Chionoloma into one single genus for which the name Chionoloma should be adopted, being the oldest in generic rank. One accession of Chionoloma bombayensis originating from South Africa is not a member of this clade but is resolved near Tortella humilis. The identity of this specimen needs further study. Synapomorphies of Chionoloma s.l. include the caducous leaf apices, papillae extending over the entire lumen except at the sheathing leaf bases, and the ventral stereid band being larger than the dorsal (Zander, 1993; Li & al., 2001) .
The inclusion of the species of the former clade in the genus Tortella should not be ruled out, based on the similarity previously observed by many authors, i.e., the presence of a V-shaped basal area; in Tortella it is usually more clearly distinct, however (Mönkemeyer, 1927; Hilpert, 1933; Weber, 1973; Zander, 1993; Gradstein & al., 2001) . In this case synapomorphies of Tortella could be: plane leaf margins, often inflated basal cells that usually extend up the margins in a more or less distinct V, and a V-shaped transverse section of the dorsal stereid band.
Tortella is resolved as polyphyletic in our analysis. The generitype T. caespitosa (Schwägr.) Limpr. (= T. humilis) is member of a clade formed by the majority of Tortella species and Pleurochaete squarrosa, which must be transferred to Tortella (as T. squarrosa (Brid.) Limpr.). Although the name Pleurochaete is older than Tortella, the latter name has been conserved and is therefore to be retained (ICBN, appendix IIIA).
Weissia and Trichostomum. -The African species Weissia ayresii and Trichostomum unguiculatum are resolved in a clade with good support (1.0 cv). They are identical gametophytically and differ in the exerted, non-macrostomous capsule of W. ayresii (immersed and macrostomous in T. unguiculatum). This clade may deserve recognition at generic level and might possibly be referred to Phasconica (the generitype P. lorentzii Müll Hal. has not yet been studied, however).
Aschisma carniolicum is situated in a clade with good support (1.0 cv) together with most of the species of Weissia and Trichostomum. Inclusion of Aschisma in Trichostomoideae is confirmed by rps4 sequences (Werner & al., 2004a) . Within this subfamily the genus is morphologically somewhat isolated, although it shares small plant size, differentiated basal leaf parts extending along the margins in a weak V, densely papillose lamina cells, and cleistocarpous condition with some species of Weissia. Another clade with good support (1.0 cv) is formed by W. latiuscula and W. ligulaefolia. The geographical range of the two species differs considerably, with W. latiuscula being known from Africa and W. ligulaefolia from North America. Nevertheless, the two taxa are morphologically related by the relative short, more or less ligulate or oblong leaves with strongly involute upper margins, and by the lack of a peristome. Further studies into the phylogenetic relationships of these two species are necessary.
The rest of this clade is exclusively made up of species of Weissia and Trichostomum, as defined by Zander (1993 Crum & Anderson, 1981) . Thus, our topology clearly supports a broad circumscription of the genus Weissia, with inclusion of Trichostomum, as previously proposed by Dixon (1913) , Andrews (1945) , and others. Relevance of cleistocarpy as an important taxonomic character in Pottiaceae is also not revealed by our molecular studies (Werner & al., 2002a (Werner & al., , 2004a . Cleistocarpous species are distributed throughout the Weissia clade and recognition of the cleistocarpous genus Astomum Hampe is not supported.
Genetic distances within the Weissia clade are quite low, suggesting rapid diversification and radiation in this clade. Accessions of single species often do not form monophyletic groups, most notably so in W. controversa (see above). This clade is morphologically highly complex and many species are difficult to separate because of the occurrence of intermediate forms. Whether these "species" are merely extreme forms of variation or represent cryptic species is unclear and needs further work.
